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I. EXECUTIVE SUMMARY























































































































































































































































































































































































In meeting these objectives. the task force plan tabled with the




information and ongoing monitoring activities and is structured to extend the
knowledge so accrued over the entire Great Lakes basin.
Details of the Monitoring Plan
The program consists of three phases of two years each encompassing
research and monitoring (Table 1). Phase I outlines research required to
resolve scientific questions relating to measurement and environmental
processes and the development of interpretative models; the resolution of
these questions should be provided in part through monitoring activities at
master (research) sites, one each in Canada and in the United States, located
in the upper and lower basins. Deliverables at the end of Phase I are an
assessment of atmospheric deposition methodology, including a design for the
routine monitoring network; and updated estimates of atmospheric deposition to
the Great Lakes. Nhile monitoring capabilities are being enhanced, the task
force strongly encourages the continuation of existing, albeit upgraded,
monitoring programs in the United States and Canada to provide the data for
ongoing evaluation of temporal and spatial gradients.
Phase II incorporates information from Phase I to initiate an abbreviated
monitoring network involving both master (research) and satellite (routine)
monitoring sites. Scientific questions on measurement and deposition
methodology will continue to be researched during Phase II. Deliverables at
the conclusion of Phase II are a reassessment of atmospheric deposition
methodology with a design for implementation of a full-scale monitoring
network; as well as updated estimates of atmospheric deposition to the Great
Lakes.
Phase III calls for deployment of an integrated atmospheric monitoring
precise estimates of atmospheric deposition to the Great Lakes provided every
two years.
The unique feature ofthis plan is the establishment of master (research)
sites during Phase I which serves to focus scientific activities at particular
loci. However, measurements to evaluate the effects of spatial heterogeneity
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on siting will be made at any appropriate site and discrete laboratory and
field studies to gain more information on processes are envisaged. Necessary
emphasis will be given to the development and testing of integrated models as
well as process parameterization. Data bases for environmental measurements
and atmospheric source emissions will also be established.
The chemical species of interest are those identified as having a
potential adverse influence on the aquatic ecosystem of the Great Lakes. A
feature of this program is its flexibility, which should allow alterations to
be made in monitoring and measurement protocols as new pollutants are
identified. At present, the focus is on organochlorine and other toxic organic
compounds and selected traces metals such as lead and mercury. Reference is
made to the IJC/Hater Quality Board's list of Critical Pollutants,
particularly as modified at the Scarborough Workshop on Atmospheric Deposition
(Strachan and Eisenreich, l987).
The major scientific questions to be investigated may be separated into
those necessary for the establishment, operation and maintenance of a ‘
monitoring network (measurement) and those which pertain to estimating
over-lake deposition based on shoreline measurements (process). Questions to
be addressed for measurement purposes are:
inland vs shoreline vs open lake siting;
spatial variability;
temporal variability;




indirect indicators of atmospheric input;
source apportionment and emissions;




























































To estimate the magnitude of atmospheric deposition, the following
scientific questions should be addressed :
l. vapor/particle partitioning;
2. particle deposition velocity as a function of particle size, receptor
and meteorology;
3. mass transfer across the air-water interface;
solute partitioning between dissolved and particulate forms in
surface waters;
5. rain and snow scavenging of vapors and particles from the atmosphere
and;
6. extension of point measurement to lake and basin wide averages and
totals.
Plan Costs
The master sites described in this plan will be equipped with
meteorological and atmospheric sampling instrumentation. The meteorological
equipment should provide continuous measurement of temperature. wind speed and
direction, humidity and rainfall. Atmospheric samplers should characterize
atmospheric and precipitation concentrations of selected organic constituents
and surrogate measures of air quality such as Total Suspended Particulate
(TSP) and Polycyclic Organic Compounds (POC). The cost of instrumentation for
a master station is estimated to be $55K US; operational costs are estimated
as $30K per annum. Associated chemical analysis and interpretation costs are
estimated to be $125K per annum. Given the establishment of two master sites
in Phase I of the Plan, the cost of this phase is estimated to be $850K US
over the two years of operation. These costs do not include support of
r r -. .... __m_ . _ ~ ,_ . s: , ,s cc, s.wsl-sc:5t of
integrated models. The cost of the research program in support of the
monitoring network is anticipated to be comparable to the Phase I master
station costs. The sucess of the Plan requires support of both the research
and monitoring components.
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At this time, the number and geographic distribution of the master and
satellite sites for full implementation of the Plan is not known. A satellite
monitoring station is estimated to cost $35K for instrumentation, $13K per
annum for operation and $40K per annum for chemical analysis and data
interpretation. The estimated cost of a satellite site implemented in Phase
II or Phase III is $88K per annum.
Assuming full implementation of an atmospheric monitoring network
consisting of four (4) master sites and twenty (20) satellite sites, the
estimated costs of a Phase III network are $920K for equipment and $l680K per
annum for operation and analysis. These costs do not include research in
support ofmeasurement and process questions. The integrated, bi—national
atmospheric network will consist of 2 master sites and lo satellite sites in
both Canada and the United States. Locations selected for sampling sites
should consider climatological and pollution gradients (cold vs. moderate
regions; upper lakes vs lower lakes).
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II. INTRODUCTION
The atmosphere is now recognized as an important contributor of
anthropogenic organic compounds and toxic metals to the ecosystem burden of
the Great Lakes (e.g. Murphy and Rzeszutko, 1977; Strachan and Huneault, 1979;
Eisenreich et al. l981; Doskey and Andren, l98l; Murphy l984; Strachan 1985;
Strachan and Eisenreich, 1986, 1987). These studies support the hypothesis
that wet and dry deposition of PCBs to the upper Great Lakes dominate total
inputs from all sources, and the lower lakes receive at least a significant
fraction of total inputs via the atmosphere. As an example, Strachan and
Eisenreich (l987) using mass balance calculations show that the approximate
percentage of total PCB inputs deposited via the atmosphere is: Lake
Superior, 90; Lake Michigan, 58; Lake Huron, 78; Lake Erie, l3; Lake
Ontario, 7. Corresponding estimated percentages for benzo(a)pyrene are: Lake
Superior, 96; Lake Michigan, 86; Lake Huron, 80; Lake Erie, 79; Lake Ontario,
72. The low percentages of atmospheric inputs of PCBs to the lower lakes
indicate the presence of significant loadings to the Detroit and Niagara
Rivers from industrial sources and hazardous chemical disposal sites.
For most compounds of interest, insufficient data are available to
construct mass balances, For those compounds which have adequate data
available, large and unknown uncertainities in the mass balance result from a
poor understanding of transport terms.
Atmospheric inputs, combined with inputs from connecting channel and
tributary flows and river and industrial discharges, have resulted in the
accumulation of anthropogenic, toxic organic chemicals in fish, wildlife and
in humans in the basin.
Organic and inorganic chemicals are deposited in the Great Lakes from the
atmosphere (directly onto the lake surface) by precipitation (rain and snow).
dry deposition (particle) and vapor exchange at the air-water interface, as
illustrated in Figure l. Other sources include ground water, river inputs,




These contaminants are lost from the water column of individual lake systems
























































































































































































































































































































































































































































































































































































































of the Great Lakes ecosystem.
  
















































































































































































































































































































Plan of l980 (IJC l980). The most recent plan expands its focus to the








































































































































































The objectives of the atmospheric component of the plan are to estimate
the contribution from atmospheric sources to the chemical loading of the
lakes. to quantify trends in deposition. and to provide information on the




























































































The adequacy of each of the GLAD sites, with respect to precipitation
network siting criteria was reviewed during the summer of l985 (Murphy,
1987). This review resulted in a recommended upgrading and reconstitution of
the network. In March l985, the Ad Hoc Advisory Group on Atmospheric
Monitoring was established under the IJC Surveillance Work Group to develop
the atmospheric component. The group prepared a three stage plan containing a
monitoring as well as research and integration component. The plan was
presented to the Great Lakes Hater Quality Board in September, l985. In
January 1986, the Ad Hoc Advisory Group formed the nucleus of the newly
established Atmospheric Deposition Monitoring Task Force of the IJC, and its
membership and terms of reference were expanded. Its major task is to refine
and augment the atmospheric monitoring plan in the GLISP.
In the task force review of the atmospheric component, conclusions and
recommendations from three workshops in which selected members of the task
force played a role have been considered: l) Atmospheric Deposition Workshop
on Organic Contaminant Deposition to the Great Lakes Basin, held in November
1985 in Minneapolis, Minnesota; 2) AtmOSpheric Loadings of Toxic Chemicals to
the Great Lakes Basin, held in Scarborough, Ontario, October, l986 under the
auspices of the IJC (Strachan and Eisenreich, 1987); 3) Siting of Atmospheric
Monitoring Stations, held in Toronto, Ontario in March, l987 under the
auspices of the IJC. ‘





























































































































































































































































































































































































V. STRATEGY FOR ASSESSING ATMOSPHERIC DEPOSITION
The Plan
A limiting constraint to determining atmospheric loadings to the lakes is
the inability to make measurements of deposition to the Great Lakes directly.
The desired assessment of pollutant fluxes from the air to the water surface
must necessarily be obtained indirectly. To meet this demand. a program that
combines field and laboratory experimentation with theoretical development is
required. The experimental part will provide basic information on the
characteristics of the atmosphere to which the Great Lakes are exposed, on the
processes controlling deposition to the lakes, and on related temporal trends
with time. The theoretical component is required to construct the necessary
integration, and to provide the predictive capability needed to assess the
consequences of various control strategies on inputs to the lakes.
The program consists of three phases of two years each encompassing
research and monitoring (Table 1). Phase I outlines research designed to
resolve scientific questions relating to measurement and environmental
processes and the development of interpretative models; the resolution of
these questions should provide the scientific basis for monitoring activities
at master (research) sites, one each in Canada and in the United States,
located in the upper and lower basins. Deliverables at the end of Phase I are
an assessment of atmospheric deposition methodology. including a design for
the routine monitoring network, and updated estimates of atmospheric
deposition to the Great Lakes. Nhile monitoring capabilities are being
enhanced, the Task Force strongly encourages the continuation of existing,
provide the data for ongoing evaluation of temporal and spatial gradients.
Phase II incorporates information from Phase I to initiate an abbreviated
monitoring network involving both master (research) and satellite (routine)
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A key feature of this plan is the establishment of master (research) sites
in Phase I which will focus scientific activities at particular locations.
However, measurements to evaluate the effects of spatial heterogeneity on
siting will be made at any appropriate site. and field studies to gain more
information on processes are envisaged. Emphasis will be given to the
development and testing of integrated models as well as process
parameterization. Data bases for environmental measurements and atmospheric
source emissions will be established. The major scientific questions to be
investigated maybe separated into those necessary for the establishment,
operation and maintenance of a monitoring network (measurement) and those
which pertain to estimating over-lake deposition based on shoreline
measurements (process).
Questions to be addressed for measurement purposes are: l) inland vs.
shoreline vs. open lake siting; 2) spatial variability; 3) temporal
variability; 4) quality assurance and quality control; 5) meteorological
method development; 6) analytical method development; 7) sampler method
development; 8) indirect indicators of atmospheric input; 9) source
identification; l0) site selection criteria; and ll) activities in surface
water in support of an atmospheric deposition plan.
Specific questions to be addressed to estimate the magnitude of
atmospheric deposition include: l) vapor/particle partitioning; 2) particle
deposition velocity as a function of particle size, receptor and meteorology;
3) mass transfer across the air/water interface: 4) solute partitioning
between dissolved and particulate forms in surface water; 5) rain and snow
scavenging of vapors and particles from the atmosphere; and 6) extension of















































































































































































































































































































































































































































































































































































































































































































































































































































For the process related research activities. enhanced sites provide
locations for the development of capabilities to extrapolate from routine
measurement locations to over-water situations.
Two master sites should be established in Phase I of the Plan. One each
should be located in Canada and the United States. Location of the master
sites should take into account climatological and pollution gradients of the
Great Lakes basin. Master sites should be equipped withinstrumentation to
characterize and quantify the concentrations of selected components in the
atmosphere and precipitation.
Instrumentation will include samplers capable of characterizing the
distribution of chemical species between the vapor and particle phase in the
atmosphere and dissolved and particle phases in wet-only integrated (2 2
weeks) precipitation samples. Meteorological instruments should be available
to monitor wind speed and direction, temperature, humidity and rainfall
intensity on a continuous basis. Organic and inorganic contaminants to be
analyzed at the master site should reflect the composition of several lists of
critical pollutants and those crucial to the support of the research component.
Costs of the Plan
Phase I of the plan calls for the establishment of two (2) master sites,
one each in Canada and the United States. The master site will be equipped
with meteorological and atmospheric sampling instrumentation. The atmospheric
samplers should characterize atmospheric and precipitation concentrations of
selected organic constituents and surrogate measures of air quality. e.g.
Total Suspended Particulates (TSP) and Poly Cyclic Organic Compounds (POC).
The cost of Phase I master sites is separated into instrumentation,
operation and chemical analysis/data interpretation (Table 2). The cost of
instrumentation is estimated to be $55K per annum. Operational costs of the
master site are estimated to be $30K per annum. Chemical analysis/data
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interpretation costs are estimated to be $l25K per annum. Given the
establishment of two master sites in Phase I of the Plan, the cost of phase I
is estimated to be $850K over the two years of operation (Table 3). These
costs do not include support of necessary research on measurment and process
questions and development of integrated models. The cost of the research
program in support of the monitoring network is anticipated to be comparable
to the Phase I master site costs. The success of the plan requires support of
both the research and monitoring components. An example of the equipment
which might be deployed is given in Tables 4 and 5.
At this time, the number and geographical distribution of master and
satellite sites for full implementation of the plan is not known. The
instrumentation for the satellite monitoring site is estimated to be $35K.
$13K per annum for operation and $40K per annum for chemical analysis and data
interpretation. These sites will be equipped with somewhat less
instrumentation than the master site, will collect samples at a lower
frequency and will not generally provide a location for expanded research.
The estimated cost of a satellite site implemented in Phase II or III is $88K
per annum.
Assuming full implementation of an atmospheric monitoring network
consisting of four (4) master sites and twenty (20) satellite sites, the costs
of a Phase III network are $920K for equipment and $1680K per annum for
operation and analysis. These cost do not include research in support of
measurement and process questions. The intergrated, bi-national atmospheric
network will consist of two master sites and ten satellite sites in both
Canada and the United States. Locations selected for sampling sites should
consider climatological and pollution gradients (cold vs. moderate regions;

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































testing of snow collectors and all—weather
collectors should be continued. The possibility of using biological
indicators should be explored.
10. A uniform QA/QC procedure should be adopted and applied to all measurement
programs contributing data to the proposed network.







l. The necessary theory and samplers to define toxic chemical distribution
between vapor and particle phases in the atmosphere must be developed.
2. The validity of current methods to infer concentrations and fluxes over
the lakes from land—based or shore-based measurements must be evaluated.
3. Theory and methods for estimating dry deposition of particles to the lakes
must be developed.
4. Theory and methods for estimating gas exchanges at the air/water interface
under varying environmental conditions must be developed.
Modeling/Synthesis
1. Numerical simulations should be developed to evaluate the influence of
lake breeze and topographically-induced circulations on patterns of
concentration and fluxes in the vicinity of urban centers and point
sources.
2. Models/transfer functions need to be developed to relate land—based
chemical fluxes to over-lake deposition, and to define a minimum network
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TABLE: 1: A PLAN FOR ASSESSING ATMOSPHERIC DEPOSITION TO THE GREAT LAKES:












- I I I
PHASE I 2 PHASE II 4 PHASE III 6
Yrs Yrs Yrs
— Provide Scientific Initiate Monitoring Implementation of
Basis for Monitoring Network Full—scale Network
Activities
— Establish 2 Master Establish 2 Master Establish lO satellite
Stations Stations and 10 stations
Satellite stations
Continue Research Continue Research
DELIVERABLES
Phase I Phase II E III
Assessment of Atmospheric Reassessment of
Deposition Methodology Atmospheric Deposition
(incl. Network Plan) Methodology
Updated Estimates of Updated Estimates of
Atmospheric Deposition Atmospheric Deposition































































































































































































































































































































































1 . 24 hours
1 Continuous
Aerochem Metrics automatic sensing wet/dry
precipitation collector (with standard Belfort
rain gauge) for the collecion of nutrients and
trace metals
Net-only integrating precipitation samplers with
resin‘ extration cartridges for the collection of
organic compounds
Net-only event precipitation sampler with a resin
extraction cartridge for the collection of organic
compounds
Hi—volume air samplers with filters and backup
adsorbent‘ and wind sector controllers for the
collection of organic compounds
Anderson four-stage cascade impactor with backup
adsorbent for the collection of organic compounds
Hi—volume sampler for the determination of total
suspended particles (TSP) and organic carbon (OC)
Meteorological equipment for continuous recording
of rain intensity and amount. temperature. relative
humidity, wind direction and velocity.
 
*Resins and adsorbents will be either XAD—Z, XAD-S, or Tenax.












Aerochem Metrics automatic sensing wet/dry
precipitation collector (with standard Belfort
rain gauge) forcollection of nutrients and trace
metals
Net-only integrating precipitation samplers with
resin‘ extration cartridges for the collection of
organic compounds
Hi-volume air samplers with filters and backup
adsorbent‘ and wind sector controllers for
collection of organic compounds
Anderson four—stage cascade impactor with backup
adsorbent for collection of organic compounds
*Resins and adsorbents will be either XAD-Z, XAD-S, or Tenax.
*‘Air samples will be collected every third day.
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